
-ztJ19crmnt are presenta8.. The z.&,n restits are as fOXLoWs: a] A 
-a 

direc;d flux Of positive plaza 50~s is always observed in regions beyond 

th&$C!.uence of the earth. b) On each satcU3te pass two transitions 

in the plasm properties are usually obsermd, one transition can be 

Identified Hth the magnetopause and one tith a shock Front created 

by the "supersonic" plaza stresm. At the 8ubsol.m point, l2:OO I&s. t~ypica1~ 

geocentric ckhtances to these reghom are 10Re &I l.4Re zespective3y; on . 
the dmn side of the mgnetoOqhere, 06:~ br, th>cor;responding distances 

exe lbRe an& 23Re. c$ 3x1 the tra&ition region betwen the shock an6 

the magneto-pause a hot isotropic flux of positive plasma ions is observed. 
‘- 8 -2 !&pical valuea of the directed plasm flti range $"" $8 = 1.l.O cq set-' 

to $ = 1.10’ mzs2sec-1. Typical. values of thy blur ve<ocity range i’rom 

250 lm set-’ io 440 km sect-‘. f Bta for the first thre? mmths of safei33e 

OP@ratiOn %ill b&z presented snd the s&@ficmce of the restits k$ll be 
; 

dA3cussed. 
I 

'JFnis Vork-has been supported by tI?e IXat%om3. Aeronautics and Sp&ce 
Adm&iistra-tion zmd by the Atotic %ergy coeseion.. 
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This gaper presents preliminary results of ph.8~~,2 md pob~5'1m ' 

L;' 
!: 

csrried out with a Faraday cup instrument on the BP-A @kplorer 18) 
i 

&rlx?uite * !the sensing device measures the flux cf positive plasmas i 
t 

ions between the U~IIL~S.(~ x 18 and 6 x 10") particles cmw2 set -1 1 
i t 

8nd over an energy rsnge~(45 to 5tb00Qz eov. t The flux of electrons ia i 

also measured over a reduced eneTa mnge 2rcm 65 to 210 e-v. 

The foLLoxtng characteristics of the satellite ere pertinent to 

BP-A was launched Hov. 27, l$&!'j into a h3.ghI.y elon- our discussion. 

gated orbit with an initial apogee of- 31 Re (geocentric) and an 

i . 1 :, 
b 

t 
ititial perigee of 19'7 Inn altitude. Phe orbAt&. period is N 3-9 t 

i 
bP* Xn describing the results we will use the solar ecliptic co- 

ordinate system shorm Sn Fig. lo IIn this reference tieme the x azr%s 

is toward the sun; the s axis towszd the north eclIptfc pole, and the 

y axis is the third member of a right handed orthogonal set. The 

angles j8 aud 0 respectively define the longitude measured es&ward 

from the ssr-th-sun line end the latitude measured in the conventional. 

W&y* The initi&l direction of the line of 8pSideS WES in the general. 

direction of the sun, $ = - 8', fle = 336’. Fig. 2 shows the projection 

of the orbit onto the ecL?.ptic plane; from this represktation one cau 

visuslize roughI& the position of the satellite relative to the sun-etith !, 

line a8 a functdon of time. 

The sertel.Ute was 8~3x1 stabilized tith a period of rotation tiich 

has remsined close to 2.4 seconds; precessional motion is negligible. : 
The tiitial. orientation of the spin axis was Q = - 50°, = s $$ 6 238O. 

me orientation of the spin axis as a function of tW is shown 
1 " 
! 

s~hematicslly in Fig. 3. A further quantity of interest is the 
\ ., 

I 
initial orLentation of the orbit plane. The initial coordinates of I 

., 



its norm& are en =, b-6’, fin = 257”. 

The type of p&ma sensor used on the IMP satellite is sho-tm 

i I 
, 2 

achemt5zW.y in.Fig. 4. Very briefly its operation can be desezibed ! 
as follows: A square waye ~ltage which osci~es et 1SCC between 

I the limits VL and V2 Ps applied to the adulator gz5d. Pmkicles 

with a ratio of khetic energy to chsrge, T/z, below VI cannot reach 

tie collector while those tith T/z g-rester then V2 me not affected 

by the modulating voltage. Be flux of particles vith T/z betueen Vl 

and V2 is chopped at the mdulator fsequency and gS.ves en alternating 

current at the collector which is srspl%fLed. EU.tered and cowressed 
. 

1ogarLthmically into an analog output voltage &table for the tel.e- 

metry 8ystem. ks tm of sensor has been described in previous 

publications w and its operationtU.3. not be considered fn d&a51 

here. The plasm sensor and its response function are ax&Uy'sym- 

xuetricandmximm sensUxW%ty occurs for particles vhkh travel 

parallel to the axis of the sensor. The response falls to zero about 

60 degrees off axis. t&e effective solid sqle is about one ateradian 

and the area solid angle produet is about 25 em2 ster. 

The instrumentis~ounted~the satellitewith itsaxis of I 
symmetry at right s&es to the spti axSs. Thus, as the satellite 

rotates the sensor scans a 360 degree field which extends 4 (60’9 

Filth respect to the equatorial plane of the satellLte. The telemetry 

fomat which governs the operation cycle58 shown in Fi&- 5. The 

form& consists of four sequences each lasting 82 seConda. Eech 

lo IBridge, Mlworth# Rossi and &herb, J. Geophys. Res. 5, (1960) 3053 

2. Bright, Lasarusp &yon, Rossi end &herb, Space Resesrch Et, North 
Hdland Publishing Coo (lg63) lll3. 

.  .  .) . . ,  I , : ,  I-, 
,  _, ? (,, :  . , ,  , ,  ,  .Y.. ,? , .  .+: . : ,  .  



At this poS.nt we smmrize briefly the z?.&n results obtained to 

the'present tncit%ng, mdJ fn w-h&. foXLow, m give a more detailed 

descriptSon of theclxpertiental. evidence. 

The m&n results are a33 fol.bw8: 

a] A directed flux of p&arm ions is &l.vaya observed in regions 

far frcm the earth @ere the pl.asm x&ion is unaffected by the 

geomgnetic field- We refer to thk3 85s region I. 

b) For each orbit at Ileast Tao tmna~tions in the properties of 

the plaza are obsemed on the inbound pam and on the outbound past3 

of the atellite. One transftion can be Xdentified tith magnetopause 
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,‘ * aud one with a shock fro& created by the sqzrsonic plasma stream. 

At the subsolar point, 32~30 hours, ty@cal geoimrtrfc distances to 

these regions are lOI& arid IL&Be respectively; on the dam side of 

the u3gnetoaphere, 6~00 hours;,-corresponding diatemes are l&e .md 

C) Between the shock f?ont and the mgnetopause, regiod3& a 

hot Qmtropic f'lux of pJ.am is obsemed. 

331 Fig. 6 the p3w 33.~~ is plotted on a J=knear scale m a function 
j of rotation aug3.e for the 5; positive Tou levels aud for the electron 

level. These data were t&e& on orbit I when the satellite IJU at a 

d.btt2nt33 0f 21.7 me: Et 5s c3.e~~ that the sQna& is concentrated 3~ 

energy rjlndara 3, (220-6kogz e.v et aud that the pl,asma flow ia easenti~ 

unidfrectional. The arwm on the f@xre ind%c&e the time at wMch 

the exis of the aemor pointed as closely as possible to t&e xm.~ 

Wthin the angular uncertainty of -f‘.lO ' it is clear that the longitude 

of the bulk velocA.ty vector $v is 180'. Data which should 9ermi.t the 

sWtaneous determination of $ has not yet been reduced. !l%e 

signals plotted d.u Hg* 6 are characteristic of region 1. 

In Fig. 7 the general plot ia &EU.EW to that shown js Fig: 6; . 
the'data refers again to orbLt 1, but the distance was 15 Ree L&.., ,, 
f~ clear that the angular distribution is essentia3J.y flat and that 

, the energy spectra eqtends fmnthe lowest to the highest channel. 

(zflae noise level in X'igg. 6 and 7 is about 6 x 10 6 -2 cm set-l) . 

To permit a more ready tiapection of the data we have chosen to 

plot appropriate 2.8 xninute averages of the plasma properties every 

5-5 mixides. A portion of such a plot for orbit 3 ' inb0und.U shorn in 

pig. 8. The abscPsaa is a linear time scale Anm?easing to the right. 

. . 



Won top to bottom the first liue represents the average energy flux 

per particle tith the ordinate 'In 0.~8.; in the second graph the ordinate 

represents 3Bglo of the tota?. position ion f3.u~; the th$rd grwh 

represents the loglo of the electran flux0 asd 33mE.y the fourth 

graph gives a measure of the x&dth of the energy CUAM.butQm- 

For the proton snd electroa fluxes two values are cmquted: 

one 200kit3g totrara" and'one "10cMbg ma$' fbo10. the sun. !RIUS two 

1eveJ.s are seen plotted fez these fluxes in Fig. 8 and the sqamtion 

between the IPBXIW~ and EIM.III~ flux ~AYJE!~. is a z~%~rn of the ax&m- 

tropy of the plasma flux. lh the figure the prot~u flux at dA~Aances 

greater than 15Re has a value of d 10' mm2 oec -1 and &OWB a z;r&t 

degree of en~mtropy. The electron flux at this time is cssent+ly at the. 

noise level of the 3.nstrmcnt. These candUdna am cb.maateristfc 

of those we have identified tith region f aud persist until aboti lsRe 

At this tine the thermA energy of the pmtons iucreases, md the flux becmes 

close to isotropic. At the sme time~a relatively large flux of isotropic 

electrons is observed. These conditions are'charact~ristic of re)ion 22 

and persist wzith mme vmiatims u&i3 about lORe when there is zm abrupt 

decrease of the proton and electron fluxes to the nojtse level. III this pass 

lORe cOmar;l)onds to the bour$ary of the magnetosphem. !!%e space -&thin the 

mgnetosphere is defined as region IXL 

The data in Fig. 8 vere obtained dtHng orbit 3 when the wtellite 

was close to subsolar region- With the exception of 3 ,psses %.ihich 

have not yet been exagined, si~~.Zlar reauZts have been &tai.ned for 

43 travers&Ls of the boundszyr region &up to orbit 23,'Feb. 24). These 
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data are plotted in Fig. 9; the solid b3.m~ indicate the porions of the 

Orl@t in which the flux obmmzd was essentMi.@ isotrop~cO g.;rg. 2 3.8 

usefu3 in interpretbg this figure). In constructing the fzl.glEe, points 

on the tra$xtory hmre been rotated about the earth-sun. Lh~e into the p&-~ 

Of the ecliptic. 

Phe most strw feature evMent from iYq+ 9 is that the shape 

of the magnetospheric boundary and the shape of the shock front are 

3.n fKtl agstwment with the wZf known tiieory of supersonic aerodyu~c 

Slew around a blunt body. 61 the average at least, regular boundary 

Burf’aces are observe& for the mqnetoO~here md the shock front during 

an etiended period of -HE?. !lTi-d.s observation suggests that a stable 

boundary sur&ce existso !Ithere me, howeva, features of the data 

which are Q.G yet unexplaiued and the deta%ls of the iuteraction between 

the plasma md the geoxqtxtic field are as yet not obvious. E&tial, / 
Btsmpts to check the conservation eqations for particle density, 

mmentunn fLux and ener~ &nsLty txzoss the shock trans%tSon are 

encouraging and results arid, be reported 3x1 due course. l!thx333y, we 

would like to eqhasize that rapid tram itfons in the properties of 

the plmma are a characteristic feature of the data. 

This can be seen by a close isspsdxion of fig* 9. 531 thFs representa- 

tion broken regions of the orbit trsces Indicate regions in which a 

trmsition ms observed from  a nearby isotropic flux of posit&ve ions 

to a dhected flux. TypicaUy condit'ions change in the fo33,oting sequence 

on au inbound passe. H --,"dc -2 $ y..L79R. 0. . -..... 32x0 !J?rms~tions 

between these conditions axe observed to take place Ant&% less 

then 5 seconds end the the during which region I is observed In the 

sequen& 11 -C --)X3 is freq.zently of the order of 5 pr 10 m iuutes. 

l?or this reason, the tr@ .nsitions tend to be "washed out" by the 2.8'mLnute 

averages used in Fig. 8. Fig. 10 shows a portion of the orbit in &ich data 
for the zzz&um and m in3mum flux observed during one revolxtion of the 
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sateUite is plotted for energy level 3 (220 - 645) e-v. l?ransAtiozls 

betmen regions 1 and EE are clearly evident. Detailed spectra for a 

trsnsit%on of.this sort are as shown in Fig0 XL. Here the transiMon has 

taken place with a time uncertainty of AU 80 seconds defined by the 

mgnetmeter ser,uence which occurs between the two plasm xeasurem&s 

shown. 

Ile acknowledge with gratitude the close and effective collaboration 

tith our many colleagues at the Goddard Space FUght Center. Without 

their help, this work would not have been possible. 

In the ansJ.ysis of the data we have profited by the work of 

Dr. G,Horeno and by discussions with Prof. 21. Olbert; Hr. R.B. Bker of 

%$ncoln Laboratory contributed in an essential way to the design and 

construction of the e36perimn-L~ 
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SEQUENCE I 

i 

82 
set 

! 
5.1 set 

0  
5. I set 

0  I 

SEQ. 2  
I 
I 
I 

5. I set 
0  

Protons 

Protons 

Protons 

5.1 set 0  
Protons 

I 
; 

SEQ. 3  
I 
I 
I 

45-105 eV 

95-235 eV 

220-640 eV 

560 - 2000 ev 

5.1 set II Electrons 65 - 21OeV 

5.1 set 0  Protons 1700- 5400 eV 
I I 

rwr;wn 
SE?. 4  

I 
I 

SE@ I 

Ii TELEMETRY FORMAT 
AND ENERGY W INDOWS 

fir=,,5 



2 I 1.8x10* - - - i 3 

1.2x10* SUN TIME - JH 4 c 4 I. 7: 6~10~ - 

3 rt N ‘E TIME* SEQ. 485 0 

L l.8xltj8r 
5 (ELECTRONS) 

T I T 
6 

1.2x10* - 4 4 A 4 - 4 c 
6x107 

I 
- mm 

0 -- 
SEQ. 486 TIME + 
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2 
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%’ TIME- SEQ. 389 

x 3 
iLJ 

4 
4 

5 (ELECTRONS) 6 

1.8~0~ - 
4 -4 i, 
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O- SEQ. 390 TIME- 
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ENERGY WINDOW 220-640 eV 

ROLL MODULATION 
MAXIMA AND MINIMA DURING ONE REVOLUTION (2.7sec.l 
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ORBIT I INBOUND - DIST. 13. I RE - NOV. 30, 1963 (DAY 3341 

TRANSITION FROM REGIME I TO REGIME II 

I SEQ 3940 
TIME l7:22 

gr tJ 

SUN DIRECTION I 
B 

7 L 
SEQ 3841 
TIME l7:24 

ig 

Y) 

TIME - 

SEQ 3842 
, 

TIME l7:25 g r t + 

I 5( ELECTRONS) 

8 

7 

L 

9- 
t 

2 
B- 

- t 

6 

SEQ 3844 
TIME 17: 28 + 

I 

7 

r 

SEQ 3845 
TIME l7:29 g r + 

7- 

SEQ 3846 
TlMEl7:30 g r 
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